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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a MIS 
semiconductor device and a manufacturing method with 
reliability and simple manufacturing technique without a 
problem of a gate depletion phenomenon. 
SOLUTION: A gate electrode made of only a metallic 
silicide film 9 is formed on a semiconductor substrate. 
Polysilicon for a gate electrode is selectively formed on 
a gate insulating film 2. Spacers 5 are formed on both 
sides thereof and source/drain regions are formed on 
the surface of the substrate. The upper face of the 
polysilicon is covered with metallic material with 
thickness enough to make all the polysilicon in a silicide 
state, and all the polysilicon is substituted into a metallic 
silicide film 9 in a heat treatment step. Then, the 
source/drain part SD1 is changed into a silicide state 
through the covering metallic material. At the same time 
the source/drain part SD1 contains the metallic silicide 
film 9 so that a salicide structure is realized. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim l] An MIS mold semiconductor device characterized by providing a gate electrode 
which consists only of a semiconductor substrate, the source / drain section formed by 
separating a channel field on said surface of a substrate, a gate insulator layer formed on said 
channel field, and a metal sihcide film formed on said gate insulator layer. 
[Claim 2] Said gate insulator layer is Si3 N4, Si02+Si3 N4, and SiOx Ny+Si3 N4. An MIS 
mold semiconductor device according to claim 1 characterized by being the material chosen 
from inside. 

[Claim 3] Said metal silicide film is CoSi2. An MIS mold semiconductor device according to 
claim 1 characterized by containing. 

[Claim 4] Said source / drain section are an MIS mold semiconductor device according to claim 
1 characterized by including a metal silicide layer. 

[Claim 5] Said source / drain section are an MIS mold semiconductor device according to claim 
1 characterized by including a metal silicide layer which has height from said substrate. 
[Claim 6] Said source / drain section are an MIS mold semiconductor device according to claim 
1 characterized by including a metal silicide layer of the same height as said gate electrode. 
[Claim 7] A manufacture method of an MIS mold semiconductor device characterized by 
providing the following. A production process which forms a gate insulator layer on an active 
element field on a semiconductor substrate A production process which forms polish recon 
alternatively on said gate insulator layer A production process which forms the source / drain 
field in the substrate surface of both sides of said polish recon A production process which 
forms at least a gate electrode with which all these polish recons make metal silicide all 
replace said polish recon upper surface section by wrap production process by heat treatment 
with a metallic material of sufficient thickness to silicide-ize, and consist said polish recon 
only of a metal silicide film 

[Claim 8] Said metallic material is the manufacture method of an MIS mold semiconductor 
device according to claim 7 characterized by being replaced by metal silicide through rapid 
annealing and selection wet etching from formation by sputtering. 

[Claim 9] Said metallic material is the manufacture method of an MIS mold semiconductor 
device according to claim 7 or 8 characterized by providing further a production process by 
which a metal silicide layer is formed on said source / drain field in case said source / drain 
field top is also replaced by cover and it makes said polish recon all replace by metal silicide. 
[Claim 10] A manufacture method of an MIS mold semiconductor device according to claim 7 
or 8 characterized by providing further a production process which forms the source / drain 
field of a configuration of that a metal silicide film is included by all replacing said silicon by 
metal silicide in case metal silicide is made to all replace said polish recon by production 
process which grows up silicon on a substrate including said source / drain field. 
[Claim 11] a portion which said silicon is grown up exceeding height of said polish recon, and 
is equivalent to said gate electrode with chemical mechanical polishing, and a portion 
equivalent to said source / drain field - parenchyma - a manufacture method of an MIS mold 
semiconductor device according to claim 10 characterized by providing further a flattening 
production process made into the same height. 

[Claim 12] A manufacture method of an MIS mold semiconductor device characterized by 
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providing the following. A production process which forms a gate insulator layer on an active 
element field on a semiconductor substrate A production process which forms polish recon 
alternatively on said gate insulator layer A production process which forms an insulator layer 
in a flank of said polish recon A production process which carries out epitaxial growth of the 
silicon on the substrate surface including said polish recon top, and the source / drain field of 
both sides of polish recon, A production process at which all said silicon and polish recons 
deposit a metallic material of sufficient thickness to silicide-ize at least on a growth phase of 
said silicon, A production process which forms the source / drain field of a configuration of that 
a gate electrode and a metal silicide film which are made to all replace said silicon and polish 
recon by metal silicide by heat treatment, and consist only of a metal silicide film are included 
[Claim 13] A manufacture method of an MIS mold semiconductor device characterized by 
providing the following. A production process which forms a gate insulator layer on an active 
element field on a semiconductor substrate A production process which forms polish recon 
alternatively on said gate insulator layer A production process which forms an insulator layer 
in a flank of said polish recon A production process which makes a degree with which said 
insulator layer is covered carry out epitaxial growth of the silicon on the substrate surface 
including said polish recon top, and the source / drain field of both sides of polish recon, A 
flattening production process removed until said insulator layer exposes said grown-up silicon 
using chemical mechanical polishing, A production process at which all said silicon and polish 
recons deposit a metallic material of sufficient thickness to silicide-ize at least on said 
structure by which flattening was carried out, A production process which forms the source / 
drain field of a configuration of that a gate electrode and a metal silicide film which are made 
to all replace said silicon and polish recon by metal silicide by heat treatment, and consist 
only of a metal silicide film are included 

[Claim 14] Said metallic material is the manufacture method of an MIS mold semiconductor 
device according to claim 13 or 14 which is a CoATiN cascade screen or a Ti/Co/TiN cascade 
screen, and is characterized by being replaced by metal silicide through rapid annealing and 
selection wet etching from formation by sputtering. 
[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the metallic 
insulator semiconductor mold transistor as which detailedizing and high-speed operation are 
required, the so-called MIS (Metal Insulated Semiconductor) mold semiconductor device, and 
its manufacture method. 
[0002] 

[Description of the Prior Art] As for MOSFET or MISFET, detailed ization is progressing for 
improvement in the speed. In connection with this, the following structural failures become 
remarkable. 

[0003] For example, in using a polish recon electrode (polycide structure, the Salicide 
structure, and its part also contain the silicide-ized electrode) as a gate electrode, a gate 
depletion -ized phenomenon arises. For this reason, the effectual thickness of a gate insulator 
layer will become thick compared with physical thickness. Moreover, the further thin 
film-izatiori of a gate insulator layer causes increase of tunnel current. Consequently, it 
becomes a device actuation top problem. 

[0004] Therefore, it is becoming the important element of detailed ized achievement that 
MOS (or MIS) device development suppresses a gate depletionized phenomenon as much as 
possible. For example, the particle size of polish recon is changed and grain boundary area is 
reduced. Thereby, the grain boundary segregation of a dopant is reduced. Or an active dopant 
is made to increase by increasing the amount of a dopant or elevatedtemperature-izing 
activation annealing temperature. 

[0005] although the above-mentioned policy has the effect of gate depletion ized reduction ■-. 
so much *- coming out - enough **** it cannot say. Then, it considers introducing a metal 
as a gate electrode instead of the polish recon electrode used conventionally (metal gate). If it 
is made the metal gate, the problem of the formation of gate depletion will be solved and, also 
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effectually, a gate insulator layer will be thinfilmized. In other words, high driving 
force-ization of the element in the insulator layer of the same physics thickness is attained. 
[0006] However, when the manufacture method of the metal gate is considered, deterioration 
of the difficulty of metal processing by the RIE (reactive ion etching) production process and a 
size controllability is remarkable, and there are many points about which we are [ fall / the 
gate insulator layer depended like a next heat process, / of the reliability of a gate electrode ] 
anxious. Therefore, the feasibility of the metal gate is low. 
[0007] 

[Problem(s) to be Solved by the Invention] If it is going to promote detailed-ization for 
improvement in the speed of MOSFET or MISFET, it is important to suppress a gate 
depletionized phenomenon as much as possible. Therefore, I want to avoid the structure of 
the gate electrode containing polish recon. Although the metal gate solves the problem of a 
gate depletion ized phenomenon, conquest of the manufacturing-technology-problem 
accompanying detailed-izing, reservation of high reliability, etc. have many technical 
problems, and feasibility f s are low. 

[0008] That technical problem is easy in manufacturing technology while canceling a gate 
depletion-ized phenomenon in consideration of the above situations, and offering the MIS 
mold semiconductor device which has the gate electrode which does not serve as a burden in 
cost, and the source/drain of low resistance with high precision and reliability, and its 
manufacture method has this invention. 
[0009] 

[Means for Solving the Problem] An MIS mold semiconductor device of this invention is 
characterized by providing a gate electrode which consists only of a semiconductor substrate, 
the source / drain section formed by separating a channel field on said surface of a substrate, 
a gate insulator layer formed on said channel field, and a metal silicide film formed on said 
gate insulator layer. 

[0010] A manufacture method of an MIS mold semiconductor device this invention A 
production process which forms a gate insulator layer on an active element field on a 
semiconductor substrate, and a production process which forms polish recon alternatively on 
said gate insulator layer, A production process which forms the source / drain field in the 
substrate surface of both sides of said polish recon, All these polish recons at least said polish 
recon upper surface section with a metallic material of sufficient thickness to silicide -ize A 
wrap production process, It is characterized by providing a production process which forms a 
gate electrode which is made to all replace said polish recon by metal silicide by heat 
treatment, and consists only of a metal silicide film. 

[00 11] In this invention, a gate electrode which consists only of a metal silicide film is 
prepared on a gate insulator layer in an MIS mold semiconductor device (especially MISFET). 
This gate structure is attained by carrying out total replacement arthroplasty of the polish 
recon deposited on a gate formation schedule field to metal silicide. 
[0012] 

[Embodiment of the Invention] Drawing 1 is the cross section of MISFET (Metal Insulated 
Semiconductor Field Effect Transistor) concerning the 1st operation gestalt of this invention. 
On the semiconductor substrate 1, a channel field is separated and the source / drain section 
SD 1 is formed. This source / drain section SD 1 are the structures of having LDD (Lightly 
Doped Drain), or the source / drain extension, and the side near a channel field has the 
low -concentration impurity diffusion field 5. And the metal silicide film 9 which results in the 
depth XI in the high-concentration impurity diffusion field 7 to which this source / drain 
section SD 1 adjoin the above-mentioned field 5 is formed. 

[0013] The above-mentioned substrate 1 is an N type silicon substrate or a P type silicon 
substrate, and is the well field of the P type formed in the N type silicon substrate or the P 
type silicon substrate, or N type. 

[0014] The gate electrode Gl is formed on the gate insulator layer 2. This gate electrode Gl is 
formed only by the metal silicide film 9. The side wall spacer SP of the gate electrode Gl is 
structure required in order to form the source / drain section SD 1 which was described above, 
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and consists of an oxide film 4 and a silicon nitride film 6 here. 

[0015] The structure of this invention by which it is characterized most is that the gate 
electrode Gl consists only of metal silicide, as described above (metal silicide film 9). For this 
reason, the gate depletion-ized phenomenon which becomes the hindrance of detailed-izing 
and improvement in the speed of operation is solved. 

[0016] Moreover, although a silicon oxide film is sufficient as the material of the gate 
insulator layer 2, it is more desirable to include the silicon nitride film. A silicon nitride film is 
because reactivity with the silicide of the gate electrode Gl is low. 

[0017] Furthermore, compared with a silicon oxide film, the dielectric constant of a silicon 
nitride film is high more than twice. Therefore, physical thickness can be thickened compared 
with a silicon oxide film. For example, in the silicon oxide film with which are satisfied of the 
performance made into the gate insulator layer, if a silicon nitride film is used, the same 
performance will be obtained by the film (specific-inductive-capacity suitable part) twice 
[ more than ] the thickness of silicon oxide. 

[0018] As an example of such a gate insulator layer 2, they are Si3 N4, Si02+Si3 N4, and 
SiOx Ny+Si3 N4. Being chosen out of inside is desirable. Thereby, it can contribute to 
detailed-ization of an element, suppressing increase of the tunnel current accompanying 
thin -film izing of a gate insulator layer. 

[0019] In addition, it is CoSi2, and NiSi2 and TiSi2 as a metal silicide film 9 used for this 
invention. It is typical, although things other than this can also be replaced the above - 
typical metal silicide is considered. 

[0020] About the Schottky barrier height (phiB) to Si in a room temperature, it is as follows 
(phiBn says N type and Schottky barrier height [ as opposed to the base of P type in phiBp ]). 
CoSi2 **** phiBn= - 0.64 [eV] and phiBp= - 0.48 [eV] and NiSi2 **** - phiBn= - 0.70 [eV] 
and phiBp= - 0.42 [eV] and TiSi2 **** - phiBn= - 0.60 [eV] and phiBp= - 0.52 [eV]. Since 
every material is mostly located in the MIDDO gap of Si, it is desirable as a metal gate 
electrode material. 

[0021] About electrical resistivity, it is CoSi2. : It is NiSi2 to 18-20 [mu omega-cm], and TiSi 
2:13-16 [mu omega-cm]. The point which becomes high a little with 50 [mu omega-cm] is a 
problem as a gate material. 

[0022] Silicide membrane formation temperature is CoSi2. NiSi2 It is TiSi2 to 700 degrees C 
and a comparatively low thing. It is as high as 800 degrees C. About reactivity with O atom in 
an insulator layer (Si02 and Si3 N4), or N atom, since reaction heat of formation of Ti is low 
compared with Co and nickel, it reacts easily. It is TiSi2 when it inquires from this viewpoint. 
It will be said that it is not desirable. 

[0023] It is CoSi2 when it summarizes from the above point. It is the most desirable as a 
metal silicide material. Each [ the following and ] example is CoSi2. It is CoSi2 although the 
example at the time of using as metal silicide is explained. It is applicable also about the case 
where the material of an except is used. 

[0024] Drawing 2 - drawing 5 are the cross sections concerning the 2nd operation gestalt of 
this invention showing the manufacture method of MISFET of above-mentioned drawing 1 in 
order of a production process. The same sign is attached and explained to the same part as 
drawing 1 . 

[0025] On a P type silicon substrate or the N type silicon substrate 1, element isolation 
construction with a depth of 300nm is formed for example, with an imbedding element 
separation method (not shown). A well and a channel stopper are formed over lOnm [ in the 
active element section ] silicon oxide. As typical ion-implantation conditions, it is acceleration 
voltage 500keV and dose 2.5xl013cm-2 about P (Lynn) in B in P well at acceleration voltage 
260keV, dose 2.0xl013cm-2, and N well. 

[0026] Then, as shown in drawing 2 , l-5nm and about 50nm of polish recons 3 are deposited 
for the gate insulator layer 2 (Si3 N [4 ], Si02+Si3 N [4 ], or SiOx Ny+Si3 N4). Next, the polish 
recon 3 is processed using lithography and anisotropic etching technology, and an oxide film 4 
is formed through a back oxidation production process. Next, the source / drain extension 
Qow -concentration impurity diffusion field 5) is formed by the ion implantation. 
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[0027] The typical ion-implantation conditions for forming the above-mentioned extension 
Qow -concentration impurity diffusion field 5) are.BF2 about As with N type at acceleration 
voltage lOkeV, dose 5xl014cm-2, and P type. It is acceleration voltage 7keV and dose 
5xl014cm-2. 

[0028] Next, as shown in drawing 3 , after carrying out activation RTA (rapid heat annealing 
treatment) of about 800 degrees C, the silicon nitride film 6 as a SiN spacer is processed 
through a CVD method and anisotropic etching technology. Then, a deep joint 
(high-concentration impurity diffusion field 7) is formed by performing an ion implantation 
and activation RTA. 

[0029] the above - the typical ion- implantation conditions for deep joint (high-concentration 
impurity diffusion field 7) formation are acceleration voltage 5keV and dose 4xl015cm-2 
about B in As in N type at acceleration voltage 50keV, dose 7xl015cm-2, and P type. The 
dopant of the source / drain diffusion layer is activated by performing activation RTA of about 
1000 degrees C after an ion implantation. 

[0030] Next, if the oxide film 4 and insulator layer 2 which have been exposed remain as 
shown in drawing 4 , after exfoliating an insulator layer 2 by drug solution processing, the 
cascade screen 8 which consists of two-layer [ of the order of Co/TiN ] is deposited on the 
whole surface using a spatter. Co sets to about 16nm and TiN is setting thickness of the 
above-mentioned cascade screen 8 to about 20nm here. 

[0031] the thickness of Co of the above-mentioned cascade screen 8 the polish recon 3 of a 
gate electrode formation schedule - all silicide-ize -- namely, CoSi2 Sufficient thickness to 
become is required. As mentioned above, polish recon 3 is set to 50nm here. By thickness 
conversion, Co is CoSi2 to 1. Since it becomes about 3.5 times, if there is about 16nm of Co(es), 
it will be CoSi2 altogether about the 50nm polish recon 3. It can replace. Moreover, TiN could 
be about 20nm that what is necessary is just the suitable thickness for making it function as 
an antioxidizing film. 

[0032] next, it is shown in drawing 5 - as - RTA - the polish recon 3 ■- all - CoSi2 from - it is 
made to replace by the becoming metal silicide film 9 the deep joint (high-concentration 
impurity diffusion field 7) of this, simultaneously the source / drain section - also setting 
from the surface up to a certain amount of depth XI - CoSi2 from -- it is replaced by the 
becoming metal silicide film 9. Subsequently, selective etching removes an unreacted metal. 
[0033] Although not illustrated after that, MISFET is formed by performing flattening by 
CMP processing after depositing an insulator layer on the whole surface, carrying out the 
opening of the contact of the source, a drain, and each part of the gate like the usual MOSFET, 
and embedding the plug containing W (tungsten) etc. there. 

[0034] According to the manufacture method concerning the above-mentioned operation 
gestalt, it is CoSi2 on the gate insulator layer 2. While having the gate electrode (metal 
silicide film 9) which consists only of a film, it is CoSi2 to the source drain section SD 1. The 
configuration of the self align silicide electrode (metal silicide film 9) which has a film is 
realized. There is an advantage that the metal gate can be formed by the completely same 
routing counter as the manufacture method of usual Salicide by this. 

[0035] However, the following point is minded in order to prevent a defect, and to acquire 
high- reliability. 

(a) the polish recon 3 of a gate electrode formation schedule - all deposit the metal (8) of 
silicide-ized sufficient thickness. 

(b) Adopt a gate insulator layer (2) with reactivity low if possible with the silicide of a gate 
electrode. 

(c) Form more deeply than the depth (Xl) of metal silicide film 9 formation the deep joint 
(high -concentration impurity diffusion field 7) in the source / drain section (SDl). 

[0036] Moreover, according to the manufacture method concerning the above-mentioned 
operation gestalt, problems, such as deterioration of the size controllability accompanying the 
difficulty of metal processing and a fall of the reliability of the gate electrode by the post 
heating production process, can be solved in comparison with the metal gate by the RIE 
(reactive ion etching) production process. Furthermore, as an alternative plan of the metal 
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gate, in comparison with the so-called DAMASHIN gate which removes a dummy electrode 
and is transposed to a metal electrode, since a routing counter does not increase, there is an 
advantage that the burden of a cost side does not become heavy, either on processing an easy 
top. 

[0037] In addition, in order to silicideize polish recon 3 of a gate electrode formation schedule 
by the method of the above-mentioned operation gestalt, the cascade screen 8 of CoATiN was 
used, but the same effect is acquired even if it deposits the cascade screen of three layers of 
the order of Ti/Co/TiN instead (not shown). 

[0038] Ti has the operation which makes homogeneity promote the reaction which silicide izes 
polish recon 3. Especially the thickness of Ti for demonstrating such an operation is not 
decided. What is necessary is just to form Ti in homogeneity thinly. If the polish recon 3 is 
about 50nm, for Ti, 5nm and Co are [ 16nm and TiN ] about 20nm generally. 
[0039] In the case of the cascade screen of above-mentioned Ti/Co/TiN, by passing through the 
production process of RTA, Co replaces Ti and the polish recon 3 is CoSi2 altogether. It is 
replaced. The deep joint (high -concentration impurity diffusion field 7) surface of the source / 
drain section is also CoSi2 to this and coincidence. It is replaced. Then, an unreacted metal 
(cascade screen of Ti/TiN) is removed alternatively. 

[0040] Drawing 6 is the cross section of MISFET (Metal Insulated Semiconductor Field Effect 
Transistor) concerning the 3rd operation gestalt of this invention. On the semiconductor 
substrate 1, a channel field is separated and the source / drain section SD 2 is formed. This 
source / drain section SD 2 are the structures of having LDD (Lightly Doped Drain), or the 
source / drain extension, and the side near a channel field has the low-concentration impurity 
diffusion field 5. And this source / drain section SD 2 include the EREBETEDDO source / 
drain structure. That is, while the depth X2 (<Xl) from the substrate surface is included in 
the high-concentration impurity diffusion field 7 contiguous to the above-mentioned 
low -concentration impurity diffusion field 5, the metal silicide film 9 which has a certain 
amount of height HI from the substrate surface is formed. 

[0041] The above-mentioned substrate 1 is an N type silicon substrate or a P type silicon 
substrate, and is the well field of the P type formed in the N type silicon substrate or the P 
type silicon substrate, or N type. 

[0042] The gate electrode G2 is formed on the gate insulator layer 2. This gate electrode G2 is 
formed only by the metal silicide film 9. The side wall spacer SP of the gate electrode G2 is 
structure required in order to form the source / drain section SD 2 which was described above, 
and consists of an oxide film 4 and a silicon nitride film 6 here. 

[0043] The structure of this invention by which it is characterized most is that the gate 
electrode G2 consists only of metal silicide, as described above (metal silicide film 9). For this 
reason, the gate depletion-ized phenomenon which becomes the hindrance of detailed-izing 
and improvement in the speed of operation is solved. 

[0044] Moreover, although a silicon oxide film is sufficient as the material of the gate 
insulator layer 2, it is more desirable to include the silicon nitride film. The reason is as 
having indicated said 1st operation gestalt. Therefore, the gate insulator layer 2 is Si3 N4, 
Si02+Si3 N4, and SiOx Ny+Si3 N4. Being chosen out of inside is desirable. Thereby, it can 
contribute to detailed-ization of an element, suppressing increase of the tunnel current 
accompanying thinfilmizing of a gate insulator layer. 

[0045] Moreover, it is CoSi2, and NiSi2 and TiSi2 as a metal silicide film 9 used for this 
invention. It is typical. CoSi2 although things other than this could also be replaced, since 
said 1st operation gestalt indicated It uses. 

[0046] The places where the configuration of the above-mentioned operation gestalt has the 
EREBETEDDO source / drain structure compared with drawing 1 differ. Since it extends with 
the height Hi which has the metal silicide film 9 (CoSi2) on a source drain, formation of 
impurity diffusion field 7 high-concentration the very thing can also be made shallower than 
the configuration of drawing 1 . Therefore, it becomes stronger to a short channel effect. 
[0047] Moreover, the metal silicide film 9 becomes possible [ forming more thickly by 
extending upwards ], and it also becomes possible to reduce the sheet resistance of a gate 
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electrode, the source / drain of it. 

[0048] Drawing 7 - drawing 10 are the cross sections concerning the 4th operation gestalt of 
this invention showing the manufacture method of MISFET of above-mentioned drawing 6 in 
order of a production process. The same sign is attached and explained to the same part as 
drawing 6 . 

[0049] On a P type silicon substrate or the N type silicon substrate 1, element isolation 
construction with a depth of 300nm is formed for example, with an imbedding element 
separation method (not shown). A well and a channel stopper are formed over lOnm [ in the 
active element section ] silicon oxide. As typical ion-implantation conditions, it is acceleration 
voltage 500keV and dose 2.5xl013cm-2 about P (Lynn) in B in P well at acceleration voltage 
260keV, dose 2.0x10 13cm -2, and N well. 

[0050] Then, as shown in drawing 7 , l-5nm and about 50nm of polish recons 3 are deposited 
for the gate insulator layer 2 (Si3 N [4 ], Si02+Si3 N [4 ], or SiOx Ny+Si3 N4). Next, the polish 
recon 3 is processed using lithography and anisotropic etching technology, and an oxide film 4 
is formed through a back oxidation production process. Next, the source / drain extension 
(low -concentration impurity diffusion field 5) is formed by the ion implantation. 
[0051] The typical ion-implantation conditions for forming the above-mentioned extension 
(low-concentration impurity diffusion field 5) are BF2 about As with N type at acceleration 
voltage lOkeV, dose 5xl014cm-2, and P type. It is acceleration voltage 7keV and dose 
5xl014cm-2. 

[0052] Then, after passing through an about 800-degree C activation RTA (rapid heat 
annealing treatment) production process, the silicon nitride film 6 as a SiN spacer is 
processed using a CVD method and anisotropic etching technology. 

[0053] Next, if the oxide film 4 and insulator layer 2 which have been exposed remain as 
shown in drawing 8 , exfoliation and after exfoliating the natural oxidation film after this 
exfoliation by hydrogen annealing treatment further, selective growth of about 30nm of the 
epitaxial silicon 10 will be carried out for an insulator layer 2 by drug solution processing. 
That is, selective growth of the single crystal silicon 10 is carried out only on the source / drain 
portion which silicon exposed, and the polish recon 3 of a gate electrode formation schedule. 
[0054] Next, after carrying out an ion implantation throughout a period of the 
above-mentioned epitaxial silicon 10, a deep joint (high-concentration impurity diffusion field 
7) is formed by performing activation RTA of about 1000 degrees C. 

[0055] the above - the typical ion-implantation conditions for deep joint (high concentration 

impurity diffusion field 7) formation are acceleration voltage 7keV and dose 4xl015cm-2 

about B in As in N type at acceleration voltage 65keV, dose 7xl015cm-2, and P type. 

[0056] Next, as shown in drawing 9 , the cascade screen 8 which consists of two-layer [ of the 

order of Co/TiN ] is deposited on the whole surface using a spatter. Co sets to about 26nm and 

TiN is setting thickness of the above-mentioned cascade screen 8 to about 20nm here. 

[0057] the thickness of Co of the above-mentioned cascade screen 8 all the laminatings of 

the polish recon 3 of a gate electrode formation schedule/silicon 10, and the silicon 10 on the 

source / drain portion '-- all silicide-ize - namely, CoSi2 Sufficient thickness to become is 

required. 

[0058] As mentioned above, the silicon 10 which carried out EPI growth of the polish recon 3 
50nm and on it here is set to 30nm. By thickness conversion, Co is CoSi2 to 1. Since it 
becomes about 3.5 times, if there is about 26nm of Cotes), it will be CoSi2 altogether in 80nm 
of laminatings of the polish recon 3 and silicon 10. It can replace. Moreover, TiN could be 
about 20nm that what is necessary is just the suitable thickness for making it function as an 
antioxidizing film. 

[0059] next, it is shown in drawing 10 - as - RTA of two steps - the laminating of the polish 
recon 3 and silicon 10 - all - CoSi2 from - it is made to replace by the becoming metal silicide 
film 9 The silicon 10 on the source/drain is also CoSi2 in that case. It is replaced, the deep 
joint (high-concentration impurity diffusion field 7) of it, simultaneously the source / drain 
section - also setting - from the surface up to a certain amount of depth X2 - CoSi2 from - it 
is replaced by the becoming metal silicide film 9. Subsequently, selective etching removes an 



-7- 



JP2000-252462A 



unreacted metal. 

[0060] Although not illustrated after that, MISFET is formed by performing flattening by 
CMP processing after depositing an insulator layer on the whole surface, carrying out the 
opening of the contact of the source, a drain, and each part of the gate like the usual MOSFET, 
and embedding the plug containing W (tungsten) etc. there. 

[0061] According to the manufacture method concerning the above-mentioned operation 
gestalt, it is CoSi2 on the gate insulator layer 2. While having the gate electrode (silicide film 
9) which consists only of a film, it is CoSi2 also to the source drain section (SD2). The 
configuration of the self align silicide electrode (silicide film 9) which has a film is realized 
(Salicide structure). 

[0062] Furthermore, it is a big advantage that adjustment of a process can be taken with such 
Salicide technology, and the above-mentioned EREBETEDDO source / drain technology. The 
EREBETEDDO source / drain can constitute a highly reliable high speed device by offering 
the manufacture method which is technology important for detailed izing and improvement 
in the speed which are used for example, henceforth [ 0.12 micrometer generation ], and can 
do combination easily with Salicide. 

[0063] However, the following point is minded in order to prevent a defect, and to acquire 
high-reliability. 

(a) the polish recon 3 of a gate electrode formation schedule, and the silicon 10 of EPI growth 
-- all deposit the metal (8) of silicide -ized sufficient thickness. 

(b) Adopt a gate insulator layer (2) with reactivity low if possible with the silicide of a gate 
electrode. 

(c) The deep joint (high-concentration impurity diffusion field 7) in the source / drain section 
(SD2) can realize formation shallower than said 2nd example, taking into consideration that 
the metal silicide film 9 is formed over this silicon 10 from the substrate surface to a certain 
amount of depth (X2 (<Xl)) in consideration of the height HI of the silicon 10 used as the 
EREBETEDDO source / drain structure. 

[0064] Moreover, according to the manufacture method concerning the above-mentioned 
operation gestalt, problems, such as deterioration of the size controllability accompanying the 
difficulty of metal processing and a fall of the reliability of the gate electrode by the post 
heating production process, can be solved in comparison with the metal gate by the RIE 
(reactive ion etching) production process. Furthermore, in comparison with the so-called 
DAMASHIN gate, an easy top, since a routing counter does not increase, there is an 
advantage that the burden of a cost side does not become heavy, either on processing. 
[0065] In addition, by the method of the above-mentioned operation gestalt, in order to 
silicide ize the silicon 10 for the laminating of the polish recon 3 of a gate electrode formation 
schedule, and silicon 10, and the EREBETEDDO source / drain formation, the cascade screen 
8 of Co/TiN was used, but [ instead ] the same effect is acquired even if it deposits the cascade 
screen of three layers of the order of Ti/Co/TiN (not shown). 

[0066] Ti has the operation which makes homogeneity promote the reaction which silicideizes 
polish recon 3. Especially the thickness of Ti for demonstrating such an operation is not 
decided. What is necessary is just to form Ti in homogeneity thinly. If the polish recon 3 is 
50nm and epitaxial silicon 10 is 30nm, for Ti, 5nm and Co are [ 26nm and TiN ] about 20nm. 
[0067] In the case of the cascade screen of above-mentioned Ti/Co/TiN, by passing through the 
production process of RTA, Co replaces Ti and the polish recon 3 is CoSi2 altogether. It is 
replaced. The deep joint (high -concentration impurity diffusion field 7) surface of the source / 
drain section is also CoSi2 to this and coincidence. It is replaced. Then, an unreacted metal 
(cascade screen of Ti/TiN) is removed alternatively. 

[0068] Drawing 11 (a) is the cross section of MISFET (Metal Insulated Semiconductor Field 
Effect Transistor) concerning the 5th operation gestalt of this invention. On the 
semiconductor substrate 1, a channel field is separated and the source / drain section SD 3 is 
formed. This source / drain section SD 3 are the structures of having LDD (Lightly Doped 
Drain), or the source / drain extension, and the side near a channel field has the 
low-concentration impurity diffusion field 5. And this source / drain section SD 3 are the 
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EREBETEDDO source / drain structure, and the metal silicide film 9 which has the almost 
same height H2 (<Hl) as gate electrode G3 Gt mentions later) from the surface of the 
high-concentration impurity diffusion field 7 contiguous to the above-mentioned 
lowconcentration impurity diffusion field 5 is formed. 

[0069] The above-mentioned substrate 1 is an N type silicon substrate or a P type silicon 
substrate, and is the well field of the P type formed in the N type silicon substrate or the P 
type silicon substrate, or N type. 

[0070] Gate electrode G3 is formed on the gate insulator layer 2. This gate electrode G3 is 
formed only by the metal silicide film 9. The side wall spacer SP of gate electrode G3 is 
structure required in order to form the source / drain section SD 3 which was described above, 
and consists of an oxide film 4 and a silicon nitride film 6 here. 

[0071] The structure of this invention by which it is characterized most is that gate electrode 
G3 consists only of metal silicide, as described above (metal silicide film 9). For this reason, 
the gate depletion -ized phenomenon which becomes the hindrance of detailed-izing and 
improvement in the speed of operation is solved. 

[0072] Moreover, although a silicon oxide film is sufficient as the material of the gate 
insulator layer 2, it is more desirable to include the silicon nitride film. The reason is as 
having indicated said 1st operation gestalt. Therefore, the gate insulator layer 2 is Si3 N4, 
Si02+Si3 N4, and SiOx Ny+Si3 N4. Being chosen out of inside is desirable. Thereby, it can 
contribute to detailed ization of an element, suppressing increase of the tunnel current 
accompanying tihin-filmizing of a gate insulator layer. 

[0073] Moreover, it is CoSi2, and NiSi2 and TiSi2 as a metal silicide film 9 used for this 
invention. It is typical. CoSi2 although things other than this could also be replaced, since 
said 1st operation gestalt indicated It uses. 

[0074] Compared with said drawing 6 , as for the configuration of above-mentioned drawing 
H (a), the configurations of the EREBETEDDO source / drain differ the following point. The 
interface of the metal silicide film 9 (CoSi2) formed on the source drain is a thing of the 
high-concentration impurity diffusion field 7 mostly located in the surface. The surface of the 
high-concentration impurity diffusion field 7 is near the peak of the dopant concentration of 
the impurity diffusion field 7, as shown in drawing 11 (b). Consequently, the interfacial 
resistance of the metal silicide film 9 (CoSi2) and the impurity diffusion field 7 falls, and it 
contributes to high-speed operation more. 

[0075] Moreover, formation of impurity diffusion field 7 high -concentration the very thing can 
also be made still shallower than the configuration of drawing 6 . Therefore, it becomes 
stronger to a short channel effect. Moreover, the metal silicide film 9 becomes possible 
[ forming more thickly by what is extended upwards (height H2 (<Hl)) ], and it also becomes 
possible to reduce the sheet resistance of a gate electrode, the source / drain of it. 
[0076] Drawing 12 - drawing 16 are the cross sections concerning the 6th operation gestalt of 
this invention showing the manufacture method of MISFET of above-mentioned drawing 11 
(a) in order of a production process. The same sign is attached and explained to the same part 
as drawing 11 (a). 

[0077] On a P type silicon substrate or the N type silicon substrate 1, element isolation 
construction with a depth of 300nm is formed for example, with an imbedding element 
separation method (not shown). A well and a channel stopper are formed over lOnm [ in the 
active element section ] silicon oxide. As typical ion -implantation conditions, it is acceleration 
voltage 500keV and dose 2.5xl013cm-2 about P (Lynn) in B in P well at acceleration voltage 
260keV, dose 2.0xl013cm-2, and N well. 

[0078] Then, as shown in drawing 12 , l-5nm and about 50nm of polish recons 3 are deposited 
for the gate insulator layer 2 (Si3 N [4 ], Si02+Si3 N [4 ], or SiOx Ny+Si3 N4). Next, the polish 
recon 3 is processed using lithography and anisotropic etching technology, and an oxide film 4 
is formed through a back oxidation production process. Next, the source / drain extension 
(low-concentration impurity diffusion field 5) is formed by the ion implantation. 
[0079] The typical ion-implantation conditions for forming the above-mentioned extension 
(low-concentration impurity diffusion field 5) are BF2 about As with N type at acceleration 
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voltage lOkeV, dose 5xl014cm-2, and P type. It is acceleration voltage 7keV and dose 
5xl014cm-2. 

[0080] Then, after passing through an about 800-degree C activation RTA (rapid heat 
annealing treatment) production process, the silicon nitride film 6 as a SiN spacer is 
processed using a CVD method and anisotropic etching technology. 

[0081] Next, if the oxide film 4 and insulator layer 2 which have been exposed remain as 
shown in drawing 13 , exfoliation and after exfoliating the natural oxidation film after this 
exfoliation by hydrogen annealing treatment further, selective growth of about lOOnm of the 
epitaxial silicon 10 will be carried out for an insulator layer 2 by drug solution processing. 
That is, selective growth of the single crystal silicon 10 is carried out only on the source / drain 
portion which silicon exposed, and the polish recon 3 of a gate electrode formation schedule. 
When growth is continued, it is a wrap about ****** soon. 

[0082] Next, as shown in drawing 14 , the nitride 6 as a spacer is used as a stopper, and CMP 
(chemical mechanical polishing) processing is performed. That is, flattening is performed 
until the maximum upper surface of a nitride 6 is exposed. Thereby, the silicon 10 of the 
source / drain section serves as the same height (about 50nm) as the polish recon 3 of a gate 
electrode formation schedule. Then, a deep joint (high-concentration impurity diffusion field 
7) is formed by performing activation RTA of about 1000 degrees C. 

[0083] the above - the typical ion-implantation conditions for deep joint (high -concentration 
impurity diffusion field 7) formation are acceleration voltage 5keV and dose 4xl015cm-2 
about B in As in N type at acceleration voltage 50keV, dose 7xl015cm-2, and P type, 
[0084] Next, as shown in drawing 15 , the cascade screen 8 which consists of two-layer [ of the 
order of Co/TiN ] is deposited on the whole surface using a spatter. Co sets to about 16nm and 
TiN is setting thickness of the above-mentioned cascade screen 8 to about 20nm here. 
[0085] the thickness of Co of the above-mentioned cascade screen 8 - the polish recon 3 of a 
gate electrode formation schedule all and the silicon 10 on the source / drain portion all 
silicide-ize - namely, CoSi2 Sufficient thickness to become is required. 

[0086] As mentioned above, the polish recon 3 is also setting to 50nm the silicon 10 which 
carried out EPI growth here at 50nm, and the source / drain portion. By thickness conversion, 
Co is CoSi2 to 1. Since it becomes about 3.5 times, if there is about 16nm of Co(es), all polish 
recon 3 and silicon 10 each will be CoSi2. It can replace. Moreover, TiN could be about 20nm 
that what is necessary is just the suitable thickness for making it function as an antioxidizing 
film. 

[0087] next, it is shown in drawing 16 - as RTA of two steps - the polish recon 3 and silicon 
10 - each all - CoSi2 from - it is made to replace by the becoming metal silicide film 9 
Subsequently, selective etching removes an unreacted metal. 

[0088] Although not illustrated after that, MISFET is formed by performing flattening by 
CMP processing after depositing an insulator layer on the whole surface, carrying out the 
opening of the contact of the source, a drain, and each part of the gate like the usual MOSFET, 
and embedding the plug containing W (tungsten) etc. there. 

[0089] It is CoSi2 in [ gate electrode G3 and the source drain section SD 3 ] self align the same 
with having indicated in the 4th operation gestalt according to the manufacture method 
concerning the above-mentioned operation gestalt. A film (metal silicide film 9) can be formed 
(Salicide structure). Moreover, adjustment of a process can be easily taken with the Salicide 
technology, and the above-mentioned EREBETEDDO source / drain technology. Thereby, a 
highly reliable high speed device can be constituted. 

[0090] However, the following point is minded in order to prevent a defect, and to acquire 
high-reliability. 

(a) the polish recon 3 of a gate electrode formation schedule, and the silicon 10 of EPI growth 
- all deposit the metal (8) of silicideized sufficient thickness. 

(b) Adopt a gate insulator layer (2) with reactivity low if possible with the silicide of a gate 
electrode. 

(c) The deep joint (high-concentration impurity diffusion field 7) in the source / drain section 
(SD3) can realize formation shallower than said 4th example, taking into consideration that 
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formation of the metal silicide film 9 stops near the interface on the surface of a substrate in 
consideration of the height (H2) of the silicon 10 used as the EREBETEDDO source / drain 
structure. 

[0091] Moreover, according to the manufacture method concerning the above-mentioned 
operation gestalt, problems, such as deterioration of the size controllability accompanying the 
difficulty of metal processing and a fall of the reliability of the gate electrode by the post 
heating production process, can be solved in comparison with the metal gate by the RIE 
(reactive ion etching) production process. 

[0092] In addition, by the method of the above-mentioned operation gestalt, in order to 
silicide-ize the silicon 10 for the polish recon 3 of a gate electrode formation schedule, and the 
EREBETEDDO source / drain formation, the cascade screen 8 of Co/TiN was used, but 
[ instead ] the same effect is acquired even if it deposits the cascade screen of three layers of 
the order of Ti/Co/TiN (not shown). 

[0093] Ti has the operation which makes homogeneity promote the reaction which silicide-izes 
polish recon 3. Especially the thickness of Ti for demonstrating such an operation is not 
decided. What is necessary is just to form Ti in homogeneity thinly. If both the polish recon 3 
and epitaxial silicon 10 are 50nm, 5nm and Co make it 16nm, and TiN should just make [ Ti ] 
it about 20nm. 

[0094] In the case of the cascade screen of above-mentioned Ti/Co/TiN, by passing through the 
production process of RTA, Co replaces Ti and the polish recon 3 is CoSi2 altogether. It is 
replaced. The silicon 10 of the source / drain section is also CoSi2 altogether to this and 
coincidence. It is replaced. Then, an unreacted metal (cascade screen of Ti/TiN) is removed 
alternatively. 

[0095] Drawing 17 is the cross section of MISFET (Metal Insulated Semiconductor Field 
Effect Transistor) concerning the 7th operation gestalt of this invention. On the 
semiconductor substrate 1, a channel field is separated and the source / drain section SD 4 is 
formed. This source / drain section SD 4 are the structures of having LDD (Lightly Doped 
Drain), or the source / drain extension, and the side near a channel field adjoins the 
low-concentration impurity diffusion field 5 and this, and it has the high -concentration 
impurity diffusion field 7. And this source / drain section SD 4 are the points that the point 
which is not silicideized differs from each above-mentioned operation gestalt. 
[0096] The above-mentioned substrate 1 is an N type silicon substrate or a P type silicon 
substrate, and is the well field of the P type formed in the N type silicon substrate or the P 
type silicon substrate, or N type. 

[0097] The gate electrode G4 is formed on the gate insulator layer 2. This gate electrode G4 is 
formed only by the metal silicide film 9. The side wall spacer SP of the gate electrode G4 is 
structure required in order to form the source / drain section SD 4 which was described above, 
and consists of an oxide film 4 and a silicon nitride film 6 here. 

[0098] The structure of this invention by which it is characterized most is that the gate 
electrode G4 consists only of metal silicide, as described above (metal silicide film 9). For this 
reason, the gate depletion-ized phenomenon which becomes the hindrance of detailed-izing 
and improvement in the speed of operation is solved. 

[0099] Moreover, as described above, the source / drain section SD 4 is not silicide-ized. 
Thereby very shallow cementation is realized. It is the configuration that reliability increases 
in further detailed ization. 

[0100] Moreover, although a silicon oxide film is sufficient as the material of the gate 
insulator layer 2, it is more desirable to include the silicon nitride film. The reason is as 
having indicated said 1st operation gestalt. Therefore, the gate insulator layer 2 is Si3 N4, 
Si02+Si3 N4, and SiOx Ny+Si3 N4. Being chosen out of inside is desirable. Thereby, it can 
contribute to detailed-ization of an element, suppressing increase of the tunnel current 
accompanying thin-film izing of a gate insulator layer. 

[0101] Moreover, it is CoSi2, and NiSi2 and TiSi2 a6 a metal silicide film 9 used for this 
invention. It is typical. CoSi2 although things other than this could also be replaced, since 
said 1st operation gestalt indicated It uses. 
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[0102] Drawing 18 ■ drawing 21 are the cross sections concerning the 8th operation gestalt of 
this invention showing the manufacture method of MISFET of above-mentioned drawing 17 
in order of a production process. The same sign is attached and explained to the same part as 
drawing 17 . 

[0103] On a P type silicon substrate or the N type silicon substrate 1, element isolation 
construction with a depth of 300nm is formed for example, with an imbedding element 
separation method (not shown). A well and a channel stopper are formed over lOnm [ in the 
active element section ] silicon oxide. As typical ion-implantation conditions, it is acceleration 
voltage 500keV and dose 2.5xl013cm-2 about P (Lynn) in B in P well at acceleration voltage 
260keV, dose 2.0xl013cm-2, and N well. 

[0104] Then, as shown in drawing 18 , l-5nm and about 50nm of polish recons 3 are deposited 
for the gate insulator layer 2 (Si3 N [4 ], Si02+Si3 N [4 ], or SiOx Ny+Si3 N4). Next, the polish 
recon 3 is processed using lithography and anisotropic etching technology. At this time, the 
gate insulator layer 2 (a material is Si3 N4) which extended in source/drain side presupposes 
that it has remained. Then, an oxide film 4 is formed through a back oxidation production 
process. Next, the source / drain extension (low -concentration impurity diffusion field 5) is 
formed by the ion implantation. 

[0105] The typical ion-implantation conditions for forming the above-mentioned extension 
(low-concentration impurity diffusion field 5) are BF2 about As with N type at acceleration 
voltage lOkeV, dose 5xl014cm 2, and P type. It is acceleration voltage 7keV and dose 
5xl014cm-2. 

[0106] Next, as shown in drawing 19 , after carrying out activation RTA (rapid heat annealing 
treatment) of about 800 degrees C, the silicon nitride film 6 as a SiN spacer is processed 
through a CVD method and anisotropic etching technology. Then, a deep joint 
(high-concentration impurity diffusion field 7) is formed by performing an ion implantation 
and activation RTA. 

[0107] the above - the typical ion-implantation conditions for deep joint (high -concentration 
impurity diffusion field 7) formation are acceleration voltage 3keV and dose 4xl015cm-2 
about B in As in N type at acceleration voltage 30keV, dose 7xl015cm-2, and P type. The 
dopant of the source / drain diffusion layer is activated by performing activation RTA of about 
1000 degrees C after an ion implantation. 

[0108] Next, as shown in drawing 20 , the cascade screen 8 which consists of two-layer [ of the 
order of Co/TiN ] is deposited on the whole surface after exfoliating the oxide film 4 of the 
polish recon 3 upper part by drug solution processing (for example, diluted hydrofluoric acid 
treatment) using a spatter. Co sets to about 16nm and TiN is setting thickness of the 
above-mentioned cascade screen 8 to about 20nm here. 

[0109] the thickness of Co of the above-mentioned cascade screen 8 - the polish recon 3 of a 
gate electrode formation schedule - all silicide ize - namely, CoSi2 Sufficient thickness to 
become is required. As mentioned above, polish recon 3 is set to 50nm here. By thickness 
conversion, Co is CoSi2 to 1. Since it becomes about 3.5 times, if there is about 16nm of Co(es), 
it will be CoSi2 altogether about the 50nm polish recon 3. It can replace. Moreover, TiN could 
be about 20nm that what is necessary is just the suitable thickness for making it function as 
an antioxidizing film. 

[0110] Next, RTA is made to replace the polish recon 3 with the metal silicide film 9 which 
consists of CoSi2 altogether, as shown in drawing 21 . Subsequently, selective etching removes 
an unreacted metal. In the maximum surface of the source drain section, it is Si3 N4 of the 
gate insulator layer 2 in that case. Since it exists, Co will be removed without reacting with Si. 
[0111] Although not illustrated after that, MISFET is formed by performing flattening by 
CMP processing after depositing an insulator layer on the whole surface, carrying out the 
opening of the contact of the source, a drain, and each part of the gate like the usual MOSFET, 
and embedding the plug containing W (tungsten) etc. there. 

[0112] Since the source / drain field is not changed into a metal silicide film in comparison 
with each of other above-mentioned operation gestalt according to the manufacture method 
concerning the above-mentioned operation gestalt, a very shallow diffusion layer can be 
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formed. (And the metal silicide film 9 2 with sufficient thickness, i.e., CoSi, The configuration 
which has the gate electrode which consists only of a film is realized.) However, the following 
point is minded in order to prevent a defect, and to acquire high-reliability. 

(a) the polish recon 3 of a gate electrode formation schedule - all deposit the metal (8) of 
silicide-ized sufficient thickness. 

(b) Adopt a gate insulator layer (2) with reactivity low if possible with the silicide of a gate 
electrode. 

Moreover, according to the manufacture method concerning the above-mentioned operation 
gestalt, problems, such as deterioration of the size controllability accompanying the difficulty 
of metal processing and a fall of the reliability of the gate electrode by the post heating 
production process, can be solved in comparison with the metal gate by the RIE (reactive ion 
etching) production process. In comparison with the so-called DAMASHIN gate, an easy top, 
since a routing counter does not increase, there is an advantage that the burden of a cost side 
does not become heavy, either on processing. 

[0113] In addition, by the method of the above-mentioned operation gestalt, in order to 
silicide-ize polish recon 3 of a gate electrode formation schedule, the cascade screen 8 of 
Co/TiN was used, but the same effect is acquired even if it deposits the cascade screen of three 
layers of the order of Ti/Co/TiN instead (not shown). 

[0114] Ti has the operation which makes homogeneity promote the reaction which silicideizes 
polish recon 3. Especially the thickness of Ti for demonstrating such an operation is not 
decided. What is necessary is just to form Ti in homogeneity thinly. If the polish recon 3 is 
about 50nm, for Ti, 5nm and Co are [ 16nm and TiN ] about 20nm generally. 
[0115] In the case of the cascade screen of above-mentioned Ti/Co/TiN, by passing through the 
production process of RTA, Co replaces Ti and the polish recon 3 is CoSi2 altogether. It is 
replaced. Then, an unreacted metal (cascade screen of Ti/TiN) is removed alternatively. 
[0116] Drawing 22 is the cross section of MISFET (Metal InsulatedSemiconductor Field Effect 
Transistor) concerning the 9th operation gestalt of this invention. On the semiconductor 
substrate 1, a channel field is separated and the source / drain section SD 5 is formed. This 
source / drain section SD 5 are not silicide-ized as well as said 7th operation gestalt. That is, it 
is the structure of having LDD (Lightly Doped Drain), or the source / drain extension, and the 
side near a channel field adjoins the low-concentration impurity diffusion field 5 and this, and 
has the high-concentration impurity diffusion field 7. 

[0117] The above-mentioned substrate 1 is an N type silicon substrate or a P type silicon 
substrate, and is the well field of the P type formed in the N type silicon substrate or the P 
type silicon substrate, or N type. 

[0118] The gate electrode G5 is formed on the gate insulator layer 2. This gate electrode G5 is 
formed only by the metal silicide film 9. The side wall spacer SP of the gate electrode G5 is 
structure required in order to form the source / drain section SD 5 which was described above, 
and consists of an oxide film 4 and a silicon nitride film 6 here. Moreover, the insulator layer 
11 between layers is constituted where flattening is carried out. 

[0119] The structure of this invention by which it is characterized most is that the gate 
electrode G5 consists only of metal silicide, as described above (metal silicide film 9). For this 
reason, the gate depletion-ized phenomenon which becomes the hindrance of detailed-izing 
and improvement in the speed of operation is solved. 

[0120] Moreover, as described above, the source / drain section SD 5 is not silicide-ized. 
Thereby very shallow cementation is realized. It is the configuration that reliability increases 
in further detailed ization. 

[0121] Moreover, although a silicon oxide film is sufficient as the material of the gate 
insulator layer 2, it is more desirable to include the silicon nitride film. The reason is as 
having indicated said 1st operation gestalt. Therefore, the gate insulator layer 2 is Si3 N4, 
Si02+Si3 N4, and SiOx Ny+Si3 N4. Being chosen out of inside is desirable. Thereby, it can 
contribute to detailed-izatdon of an element, suppressing increase of the tunnel current 
accompanying thin film izing of a gate insulator layer. 

[0122] Moreover, it is CoSi2, and NiSi2 and TiSi2 as a metal silicide film 9 used for this 
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invention. It is typical. CoSi2 although things other than this could also be replaced, since 
said 1st operation gestalt indicated It uses. 

[0123] Drawing 23 • drawing 27 are the cross sections concerning the 10th operation gestalt of 
this invention showing the manufacture method of MISFET of above-mentioned drawing 22 
in order of a production process. The same sign is attached and explained to the same part as 
drawing 22 . 

[0124] On a P type silicon substrate or the N type silicon substrate 1, element isolation 
construction with a depth of 300nm is formed for example, with an imbedding element 
separation method (not shown). A well and a channel stopper are formed over lOnm [ in the 
active element section ] silicon oxide. As typical ion-implantation conditions, it is acceleration 
voltage 500keV and dose 2.5xl013cm-2 about P (Lynn) in B in P well at acceleration voltage 
260keV, dose 2.0xl013cm-2, and N well. 

[0125] Then, as shown in drawing 23 , l-5nm and about 50nm of polish recons 3 are deposited 
for the gate insulator layer 2 (Si3 N [4 ], Si02+Si3 N [4 ], or SiOx Ny+Si3 N4). Next, the polish 
recon 3 is processed using lithography and anisotropic etching technology. Then, an oxide film 
4 is formed through a back oxidation production process. Next, the source / drain extension 
(low-concentration impurity diffusion field 5) is formed by the ion implantation. 
[0126] The typical ion-implantation conditions for forming the above-mentioned extension 
(low concentration impurity diffusion field 5) are BF2 about As with N type at acceleration 
voltage lOkeV, dose 5xl014cm-2, and P type. It is acceleration voltage 7keV and dose 
5xl014cm-2. 

[0127] Next, after carrying out activation RTA (rapid heat annealing treatment) of about 800 
degrees C, the silicon nitride film 6 as a SiN spacer is processed through a CVD method and 
anisotropic etching technology. Then, a deep joint (high-concentration impurity diffusion field 
7) is formed by performing an ion implantation and activation RTA. 

[0128] the above - the typical ion-implantation conditions for deep joint (high -concentration 
impurity diffusion field 7) formation are acceleration voltage 3keV and dose 4xl015cm-2 
about B in As in N type at acceleration voltage 30keV, dose 7xl015cm-2, and P type. The 
dopant of the source / drain diffusion layer is activated by performing activation RTA of about 
1000 degrees C after an ion implantation. 

[0129] Next, as shown in drawing 24 , about lOOnm (oxide film) of insulator layers 11 between 
layers is deposited. Next, as shown in drawing 25 , the CMP processing which used polish 
recon 3 as the stopper performs flattening. 

[0130] Next, as shown in drawing 26 , the cascade screen 8 which consists of two-layer [ of the 
order of Co/TiN ] is deposited on the whole surface using a spatter including the maximum 
upper surface of the polish recon 3. Co sets to about 16nm and TiN is setting thickness of the 
above-mentioned cascade screen 8 to about 20nm here. 

[0131] the thickness of Co of the above-mentioned cascade screen 8 - the polish recon 3 of a 
gate electrode formation schedule - all silicide ize - namely, CoSi2 Sufficient thickness to 
become is required. As mentioned above, polish recon 3 is set to 50nm here. By thickness 
conversion, Co is CoSi2 to 1. Since it becomes about 3.5 times, if there is about 16nm of Cotes), 
it will be CoSi2 altogether about the 50nm polish recon 3. It can replace. Moreover, TiN could 
be about 20nm that what is necessary is just the suitable thickness for making it function as 
an antioxidizing film. 

[0132] Next, RTA is made to replace the polish recon 3 with the metal silicide film 9 which 
consists of CoSi2 altogether, as shown in drawing 27 . Subsequently, selective etching removes 
the unreacted metal on an interlayer insulation film 11. 

[0133] Although not illustrated after that, MISFET is formed by contacting the source, a 
drain, and each part of the gate like the usual MOSFET. 

[0134] Since source / drain section top is covered with the interlayer insulation film 11 
according to the manufacture method concerning the above-mentioned operation gestalt, in 
the source / drain section, it is CoSi2. A film is not formed. It becomes possible to make 
cementation very shallow as a high-concentration impurity diffusion field 7 of the source / 
drain section. While a routing counter increases compared with the operation gestalt of the 
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above 8th, the point that the electric short circuit between the source, a drain, and the gate 
cannot take place easily is an advantage. 

[0135] Moreover, it is CoSi2 on the gate insulator layer 2. The configuration which has the 
gate electrode (metal silicide film 9) which consists only of a film is realized. However, the 
following point is minded in order to prevent a defect, and to acquire high-reliability. 

(a) the polish recon 3 of a gate electrode formation schedule all deposit the metal (8) of 
silicideized sufficient thickness. 

(b) Adopt a gate insulator layer (2) with reactivity low if possible with the silicide of a gate 
electrode. 

Moreover, according to the manufacture method concerning the above-mentioned operation 
gestalt, problems, such as deterioration of the size controllability accompanying the difficulty 
of metal processing and a fall of the reliability of the gate electrode by the post heating 
production process, can be solved in comparison with the metal gate by the RIE (reactive ion 
etching) production process. 

[0136] In addition, by the method of the above-mentioned operation gestalt, in order to 
silicide ize polish recon 3 of a gate electrode formation schedule, the cascade screen 8 of 
Co/TiN was used, but the same effect is acquired even if it deposits the cascade screen of three 
layers of the order of Ti/Co/TiN instead (not shown). 

[0137] Ti has the operation which makes homogeneity promote the reaction which silicide-izes 
polish recon 3. Especially the thickness of Ti for demonstrating such an operation is not 
decided. What is necessary is just to form Ti in homogeneity thinly. If the polish recon 3 is 
about 50nm, for Ti, 5nm and Co are [ 16nm and TiN ] about 20nm generally. 
[0138] In the case of the cascade screen of above-mentioned Ti/Co/TiN, by passing through the 
production process of RTA, Co replaces Ti and the polish recon 3 is CoSi2 altogether. It is 
replaced. Then, an unreacted metal (cascade screen of Ti/TiN) is removed alternatively. 
[0139] Above, according to each example, the processing controllability of the metal gate is 
good as a high speed MIS device, and the high yield can be expected with high-reliability. 
Since there is no gate processing of dummy gate removal, a metal pad, etc. compared with 
DAMASHIN gate (pad gate electrode) technology, a routing counter does not increase, either. 
[0140] Moreover, it is easy to find out adjustment with the EREBETEDDO source / drain 
process needed henceforth [ 0.12 micrometer generation ], and it can take in easily, without 
the Salicide technology also increasing a routing counter. 
[0141] 

[Effect of the Invention] The structure have the gate electrode which consists only of a metal 
silicide film on a gate insulator layer by carrying out total replacement arthroplasty of the 
polish recon which processed the gate electrode formation predetermined position to the 
metal silicide gate according to this invention as explained above, and have a metal silicide 
film also on the source/drain by request, and cope with the reduction in resistance and 
detailed-ization can offer a realizable MIS mold semiconductor device and its manufacture 
method easily. 

[0142] Moreover, in this invention, since a gate electrode consists only of metal silicide, a gate 
depletion ized phenomenon is solved. And problems, such as deterioration of the size 
controllability accompanying the difficulty of metal processing and a fall of the reliability of 
the gate electrode by the post heating production process, are also solvable. Since a routing 
counter does not increase an easy top on processing even if it compares with the so-called 
DAMASHIN gate, the burden of a cost side does not become heavy, either. Therefore, it is 
economically advantageous and high speed operation, the MIS mold semiconductor device 
which can respond to detailed-ization, and its manufacture method can be offered with 
high-reliability. 

[Brief Description of the Drawings] 

[Drawing ll The cross section of MISFET concerning the 1st operation gestalt of this 
invention. 

[Drawing 21 The 1st cross section showing the manufacture method of MISFET of drawing 1 
concerning the 2nd operation gestalt of this invention in order of a production process. 
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[Drawing 3l The 2nd cross section following drawing 2 concerning the 2nd operation gestalt 
fDrawing 41 The 3rd cross section following drawing 3 concerning the 2nd operation gestalt. 
[Drawing 51 The 4th cross section following drawing 4 concerning the 2nd operation gestalt. 
[Drawing 6] The cross section of MISFET concerning the 3rd operation gestalt of this 
invention. 

[Drawing 7] The 1st cross section showing the manufacture method of MISFET of drawing 6 
concerning the 4th operation gestalt of this invention in order of a production process. 
[Drawing 8] The 2nd cross section following drawing 7 concerning the 4th operation gestalt. 
[Drawing 91 The 3rd cross section following drawing 8 concerning the 4th operation gestalt. 
[Drawing 101 The 4th cross section following drawing 9 concerning the 4th operation gestalt. 
fDrawing 111 For (a), the cross section of MISFET concerning the 5th operation gestalt of this 
invention and (b) are a characteristic curve which shows concentration distribution of the 
dopant of a diffusion layer. 

[Drawing 12l The 1st cross section showing the manufacture method of MISFET of drawing 
11 (a) concerning the 6th operation gestalt of this invention in order of a production process. 
[Drawing 13] The 2nd cross section following drawing 12 concerning the 6th operation gestalt. 
[Drawing 14l The 3rd cross section following drawing 13 concerning the 6th operation gestalt. 
[Drawing 151 The 4th cross section following drawing 14 concerning the 6th operation gestalt. 
[Drawing 16] The 5th cross section following drawing 15 concerning the 6th operation gestalt. 
[Drawing 17] The cross section of MISFET concerning the 7th operation gestalt of this 
invention. 

[Drawing 18l The 1st cross section showing the manufacture method of MISFET of drawing 
17 concerning the 8th operation gestalt of this invention in order of a production process. 
[Drawing 19] The 2nd cross section following drawing 18 concerning the 8th operation gestalt. 
[Drawing 20] The 3rd cross section following drawing 19 concerning the 8th operation gestalt. 
fDrawing 2ll The 4th cross section following drawing 20 concerning the 8th operation gestalt. 
fDrawing 22] The cross section of MISFET concerning the 9th operation gestalt of this 
invention. 

fDrawing 23l The 1st cross section showing the manufacture method of MISFET of drawing 
22 concerning the 10th operation gestalt of this invention in order of a production process. 
fDrawing 24] The 2nd cross section following drawing 23 concerning the 10th operation 
gestalt. 

[Drawing 25] The 3rd cross section following drawing 24 concerning the 10th operation 
gestalt. 

fDrawing 26] The 4th cross section following drawing 25 concerning the 10th operation 
gestalt. 

[Drawing 27] The 5th cross section following drawing 26 concerning the 10th operation 
gestalt. 

[Description of Notations] 

1 Silicon substrate 

2 - Gate insulator layer 

3 -• Polish recon 

4 -- After oxide film 

5 - Low-concentration impurity diffusion field (extension) 

6 Silicon nitride film 

7 - High -concentration impurity diffusion field 

8 Cascade screen (Co/TiN film) 

9 - Metal silicide film (CoSi2 film) 

10 - Epitaxial silicon (single crystal silicon) 

11 - Insulator layer between layers 
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SPI1 ±!ELfcJ:5fty-*/KU>ryttSD2«:* 

[0 0 4 3] C03SMO*t»»!:-r5fll5fi»i. ±12 L 
(^JH^yiM KM 9) 0 Z<ntcV>. &*ffl 

ftaitfiMwaflsottif ft a y- h ffls<ta*r±«f* 

[0044] ^yc. y-h»2(own SMb^y 
3y«T?i>j:t^ iftyy^yii^xv^^ 

fc^*3t)Xfca o «ot, y-h«fe^M2«. Si 3 N 
4 , S i 0 2 + S i 3 N 4 , S i O x N y + S i 3 N 4 

co5t>fahm&iriz>zkt>m&L>)<\ y- 

Mft»Mo»Mfb»wfls5 hy*A««<oit*«:»jlo 

sR^attfbicw^-rsitis-ets. 

[0 0 4 5] ^OHMirffiv>6&JByy-^-f KM 

9 ^ LT> CoSi 2 , NiSi 2 » TiSi 2 

wx$>a 0 zti£M<Dh<oxi>Kt>9&z>&. msmi- 
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So 

[0046] ±mmmmm<om^n. m i iwit^x^ u 

(CoSi 2 ) ^fe^i^^H 1 ^^oTj^^6/c46. 
9»<-r*i4:t>-e#4 0 fct, je*-****!*!-** 
[0 0 4 7] Hit. &JR->y*-f KK9tt. Jticjgri-r 

[0048] 137 — i^i i o Us z<o&m<om4<DmMM 
[oo4 9] pgi/y ^vgte&^wiNgav'y 

«l±ld, «x.«a«>c**^«lftlcj:9 % ^30 
0nm(Dj|^(liXS4:»«t5 (H**"f) . fBftiR 
^g&tcfcfc 1 0 nm©'>!l a VBMURtt Mc £ s /K ^ 20 

LTte. P!)x;VT^BttSlE2 6 0 keV, K~ 
X12. 0X10 13 cmA N^rc/VT*«P £r 
ADMffi500keV, K-Xf 2 . 5X10 13 cm" 2 
-C&6o 

[0 0 5 0] B7K7jH-J;5l^ #~b1&Bm 

2 (S i 3 N 4 , ^fcteS i 0 2 + S i 3 N 4 N ^fc« 
S i O x N y + S i 3 N 4 ) ^l~5nm, *$J;tf2tf y 
i/y=iV3S:5 0nmgg«8t6o Jjy^7 

i:»*tt3iy^^^S«SrfflV^X#y v-y a>3S:Jp 30 
IU «KMkXSSrttTIMb«l4 -f 
^-^Al-J: 9 y— */ KM > • ^^v^a v 

(fifllft<07f«4btttt«tt5) ft**-*-*. 

[0 0 5 1] JtlE^^VVg V (ffiffiS^^Fafete 

te. N^T'teA s £*Dj£®E1 0 k e V. K-Xi 5 X 
10 14 cm~ 2 , PS"CttBF 2 S:MlE7keV, K 

-Xf 5 X 1 0 14 c m~ 2 "C* 6 0 
[0 0 5 2] -^(D^, 8 0 OT^&mcommtRTA (M 

mmr-summ) ia*sfc«. cvds, 40 

[0 0 5 3] #Clw x g]8 (Ct^-TJ; 9 id. RfcHLTt^K 

ten 4 Rtfi&RBi 2 asse LTv^ntfiawR 2 «rxtt^ 

10$:3 0nmgSWf^ o 

^il^yiofl ->y ^V^StiiLfcy-^/ KKV 

hmnj^^^^y ->y =i^3±ic<d^ 

M^t6 0 50 
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[0 0 5 4] ±&^\f**i/^/\'i/}) =1 VI OS 

U^^V&ALfc^, 1 0 0 0X,nm<Df£mtRT A 

[0055] ±b«v*»&sb (issK^*M^i£»ffi* 
7) mi£<oitit><Dmgi#)t£<<< jr^&A&m*. Nffi-ew: 

AsSrftl^maE6 5k e V. K-Xf7X10 15 c 
m" 2 , P®T*HB^DlliE7keV, K"Xf4 X 1 
0 15 cm" 2 tfc5o 

[00 5 6] tfClC El 9 IC^-T «fc 5 £ffiUlC o/T 

1 N(^«l(D2S^^^6S^8^^^^^ffi€:ffiVNT 

[0057] ±iesii8(oco(Dgfii, y-hms 

Mf^y->U^3A>ynyi OWiMT, 

y-*/ KM vgffi^J^v-y ^yi O^Tj&Sv' 
UlNf Ktei-e, WtCoS i 2 l£fc5<0l;i+#* 

[0 0 5 8] ±15 co J: 5 i-s ::xii^yv!)3y3^ 

5 0nm N ^il^fc^^Lfci/y ^ VI 0£3 0 n 
mt LTV^6o «J¥«*-C, Co^lWLTCoSi 

2 1*3. 5flSggl£fc<5C£j&*e>, Co^26nmgS 

fcfrtf . ^yi/y=>y3^>y=»yio ^ig 80nm 

^TC o S i 2 l-B»X#5o £fc, T i Nttl«bB& 
2 0 nmgjg<h Lfc 0 

[0 0 5 9] m^. m l o t^^i; 5 2^ry/(0 
RTAicj:t), ^y^y^ys^yy^yio^g^ 

<£TC o S i 2 d^*64JR^y KJS9lca»$^ 
6 Q ^<£>l^ y— VFM VJhO-vy ^yi 0*>Co 
S i 2 tc©^$ti5o ^^Wcy-VKM V«|5 

t>x j e^i^f>fc^iSOi$X2*t*C o S i 2 ^ 
[0 0 6 0] -tOftttia^U/^V^^ M^MOSFE 

3ii^cJ:>5^mte^^TV^, y-^. KM>> y-h(D* 

a^=» v^>> h<lrMP U ^-Clcw (^ v^^^v) 
^tf^^y^^^tfC^ICi 9, MI SFET^ 
fifec^txSo 

[00 6 1] ±B*J6»ttlw«a»5S*«fe^J:lxtf. V 

- hiteigdS2jttcc o s i 2 iw^/^y- bmm 
(•>yf>f KR9) ^^ri-^^^i^, y-^ • kmv 

S (SD2) |:tCoSi 2 JK^#*t-6gBe-&W^^ 

y*>r Km® (vyt>r k^9) oM^s^tii 
(-y-y ^ Kfiiit) o 

[0 0 6 2] $f>lr x KDipWyt^ KRtRirJiIB 
S^^^^^^^^^fij^-c^eo ^u^-^y K • 
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y-VKWytt, WttfO. 1 2 n mlftftEAft-CJB 

.tot, M«tto*«hf/w ^*«OT*-c*6, 

[0 0 6 3] fcjKU ^FASrKFCrtifc, MHBffitefrW* 

(a) h®sej*^£*>#y i/y 3»t**trjj» 
*>i/ 51=^1 G^T^yiM Kfbi-6fc # tt<D+#fcflC 
£<o&m (8) SrJi«*t-6o 

(b) *6-<<y-h«Siw->y*>f K&ttKftttaHKv* 10 

(2) ^S^-T6o 

(c) y-VKWvS (SD2) 

*68a©»S (X2 «X1) ) *t?4I'>Jf>f K 
■ 9#»*Sh8Ci«r*itoo, ttCIB2MifllJ: 

tf. RIE (RlStt-f ^^j/^-^) XfiUlJ;***' 20 
[0 0 6 5] fc*5, _b1BHJfi»JB^*jfeT-«. y-hm 

yio^i/yf-Y wk-rztcMzc o/t i N^fiie 30 

8&JBV^fc:*S* -tOftfr!) ICT i /C o/T i N<Dj|i<D 

[0066] Till # y > y = ^ 3 ft- «> y wt 
i ic*fiK-rntf J: v\ ^y->y=>y3^5o 

nm, x^^v/t/^^^l 0^3 0 nm^f), 0i 
X.fcfT i^5nm, C o A* 2 6 n nu TiN^2 0nm 
g«tfc6o 40 

[006 7] _h!2T i/Co/Ti N<E>i|BJIK<E>4&£\ 
RTA(Dlg^Ci:iaoT, CoiSTi fcTil* 
sKy^!l3y3^tCoS i 2 

o7Wfttttk««7) il^CoS i 2 lwB»**l*o 
*CD&. ^S/CC0^m (Ti/Ti N<DQ)iBi) »1K 

[0 0 6 8] Sill (a) tt, C<0»M<OJB5jUfi»« 
l:S5MI SFET (Metal Insulated Semiconductor 
Field Effect Transistor ) <Dmffi\%~?&>Z>o ¥3M*X 50 
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£ 1 ±fc^*/Hfi*S:IHTT y-*/ K u-f Vffi S D 

LDD (Lightly Doped Drain ) *fctty— K 
H y . 3:^ y*> a y^tS»g*C*> 5 , ^-y* 

^o. CtDy-x/ K W^SffSD 312. 3H/^-7y 
KHl) *r*t6ft«vyt>f KK9*s«jft£:h/C^ 

[0 0 6 9] jhESteirau NSi/y^ySfijfcttP 
Sv/y^ygfitfe^ NSi/yaystRifctt 

[0 0 7 0] hWUR2J:lcy-h«SG3^A 
$tlTV>5 0 C(Oy-htSG3tt&J|v/y^ KR9 

SPIl ±lBU^<t5*y-^/KU-f >ttSD3S:» 
[00 7 1] ±BL 

(&s->y^ k«9) o z.<Dft#>, mm 
[oo7 2] y-nfij»R2(o»fitt:, g^bv-y 

^Oiffi*<iffif^mico||J6^(c:*3VNX^«L 

fct*5t)-T?fe6o ^ot, y-hft8«2tt, S i 3 N 
4 . Si0 2 +Si 3 N 4 , SiO x N y +Si 3 N 4 

o N *^otSWblc?r4-r6c4:^-eS-5 0 
[0 0 7 3] C^M^fflV>5&JRv-y 1hf KB! 

9 £ LT, C o S i 2 , NiSi 2 > TiSi 2 &iX& 

^>HJfi»»"eie«u^:aft^e>c o s i 2 «:jbi>-c^ 

[00 74] ±EH 11 ( a ) (Omtftte, 991513 6 iclfc 
-<T^ u~<— 7- s/ K • y — */ K y^M^ftO^i 
t'Moti/^o y— * • KW^±«c^fig$ttfc&JB 
vyt-f KK9 (C o S i 2 ) <B#ffitt, SflyE*)^** 

<D*t&vo&mmi&7 <omm^ mn (b) ^tjw-j;? 

fe-5 0 C<Djem. AJRv'y tKf KK9 (C o S i 2 ) i: 
[0 0 7 5] iK«KO7«6«ffiftff«7a»0>« 
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m^V^ JiKffitf-*- (ig£H2 (<H 

kh^mkteZ* 

[0 0 7 6] Ml 2-@l 6te. Z(D&V]<D%i6(DmM 
mmiZ&Z, ±|5E11 1 (a) (DM I SFETW»)t^ 

&Zj:wm\z7jk-fmmm-c&>z>o mn (a) 
[0077] p^>y ^>Sigfc6vMiNM^y 
onm<o*^»iii«:»*t5 (ia^-f) o mmm 

^ SIC*) 6 1 0 n mO V y a yRlUKB LI: ? x/W, ^ 

LXIi, P^/WT'teB^B^m/^ 6 0 k e V. K— 
Xf2. 0X10 13 cm -2 , N^y^-CteP (V>-) £: 
MlESOOkeV, K-Xfi2. 5X10 13 cm" 2 

[0 0 7 8] [El 1 2 \Z.fF-t£ 5 C h%» 

R2 (S i 3 N 4 . SfcttS i 0 2 +S i 3 N 4 . &1t 
ns i O x N y + S i 3 N 4 ) §:l-5nm, &£Xftf 
V v-y ^3 £5 0 nmga«at6, JJClC, J)y^7 

7 w ts*tt3iy^^^s«^v>"C^y ->y ^v3^r 

-Y^-vttAi^J: 9 y— */ K^y- x^f^ay 

[0 0 7 9] ±|E^*x>">3 ^ «6»«03F««rtfc 

II NStllAsttilffilOkeV, K-X15X 
10 14 cm~ 2 . PSt*liBF 2 tti$lil7keV, K 
-Xf5X 1 0 14 cm" 2 "C$)6, 
[0 0 8 01 8 0 0tiSWftftRTA (;& 

[008 1] &IC N HI 1 3 Id^-Tct 0 |C % &ffl UTV^ 

yi0^10 0nmiSI«fH5o * 

SSv^y^^iow, ~>y 3>ogmLfcy-^/ Ki/ 
>r v^&t/y- hiSM^^^y *>y ^3±k 

[0 0 8 2] ®i 4{c^i-J: b 

vgp<D>y 3>-i or*. y-h®&^/£^£<o#y vy 
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=*^3 tmcmZ (5 0nmgS) kttZo *<0'&, 1 

[oo8 3] ±B»v**fr» mskm<D*m®ttLmmm 

A s &m^W£5 0 k e V. K— Xfi7X10 15 c 
m" 2 , PS-eiiB^rJ[JD^miE5 k e V, K-XI4X1 
0 15 cm" 2 "Cfc^ o 

[0 0 8 4] 01 5\Z7jk1-£?\Z^ <£mzC o/ 

io t i N<Dm<D2mfabtez>iMmm8&xs<y#m&m\<^ 
[oo 8 s] ±mmmwk8<oc o^igfij:, v-bmm 

;b*>C o S i 2 lc/i5ol:+5)W$j5 s MT^^ 
[0 0 8 6] ±m<D£o\C^ ZZXtetf}) is}) *^Zfr 

5 0nm. y-^/K^^SB»td^^ebfc'>y => 

>1 0 t>5 0 nm<b UTl/^o JK^»£-C, C o 1 K 
20 ^UCoSi 2 ll3. SmnmzteZ^kfrb. Co 
^16nm8S*)iltf, ^y->y^V3, i/^yiO 
^te^TC o S i 2 I^B»"C# 6o T i Nte& 

< , 2 0 nmSSt U^Co 

[0 0 8 7] (31 6lil»i-J;5l^ 2XT*y7<D 

rta{:j:!9. #y >y ^>3 £ v-y ^>-i o-^n-^n 

^itc o S i 2 a>fe*«&Ki/y*>f KB£9lcH«*£ 
30 [00 8 8] -^O^teH)^ LftV\ftS. ii^cOMO S F E 

Tiraw^ ±m\zmmm%:mmm. cmp^ 

Z^tty^yZMlb&tfZk^Xr); Ml SFET» 

[0089] ±mmmmm^^mm^mzxti\^ tn 

y— ^ • Kl^-f >aSD3twgeS^ftl^CoS i 2 JR 
(&JRv'yf->f KR9) ^fiKT-#5 (f yt^Ki 
40 3g) o ^3t. ^y^-T KfitB k -hlE^i x y K ■ J 

60 ens: J: 9. KWWtt^Kaft^^f ^3fts«l*^riB 

[0 0 9 0] fcfcL. JFftSrlS 

(a) y- hesaBfiR^^o^ y*>^y3 rts*- tr^gs 
(Di^y n^i o^T^>y-y--r Kflsi-»tftf^+#*» 

^(O&Jl (8) $:^ai-6o 

(b) ^^-<<y*- h^scov-y Kt<DRj£ttds<st% 

50 y-hi^^ (2) 
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(c) y-*/K M^tt (SD3) fc*JttS«l^*&ffl 
-*/ ^1fit^^S>y =>V1 0<DM£ (H2) 

[00 9 11 -hieHtfe^l^6®it^felcJ:tu 
ff, RIE (EtJSte^ ^v;50 XSIdJ:6y^ 

•wtt©*ft^« jRxaii <£ 6 h ms^fs^ttcD® io 

[0092] *js, _biE*it*iB^*ffi-eii. y-hm 
SMf^y^y3y3, mu-<-x$/ k • y— * 

/ KM >JBfi8wfc«)Oi/y 0&;yy Kfc-T 

5fc«)i:co/T i Noasi»8Sfflv^ ^toft^ 

t) ICT i /C o/T i NCOrtgO 3gcoa^^^^aUX 

[0093] Titt, # y > y 3 > 3 & v y ir^r Kft-r 

i^Snra, C o /&* 1 6 n m. T i 2 0 n m^Si- 

[0 0 9 4] JtfBT i /C o/T i NOSIgW^ 
RTArag^g6li:l:J:oT, Co^Ti^AHf 
:b*K tfV is}) 3>3^XC o S i 2 l.g^$ix6o 

Co S i 2 l-»&£*t5o -ttf>«* ^frfc<D&m (T i 
/T i Ntf>a@BS) tt»«W^Sft*Stt-6 0 30 

[0 0 9 5] Hi 7 tt, CO»^^l7Hft^ffil^6 
MI SFET (Metal Insulated Semiconductor Field 
Effect Transistor ) <DmMmX~3bZ> 0 ¥^{£2t£ 1 Jt 

i-^-r^^ac^fHxxy-^/' Ku>fy»SD4 ^ 

^^tLTV^o Coy — X/ KM Vg|5SD4te\ LD 
D (Lightly Doped Drain ) ^Ttte y — K M ^ • 

[00 96] ±ES« 1 I3x NSV y 3 >S«£*:te P 

[0 0 9 7] M»»K2±^y- H«ffiG4dS*fiK 
£*iTi^<5 0 ^oy-h^6G4liMv/yt-f KI9 

SPtt, ±E Lfc J: 9 4 y-^/ K M v» S D 4 «:* 
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tt>y = >«6 

[0 0 9 8] r<^g^S^®^5^3gtt. ±ISL 
fc<t 5 y- h««G4^flii/y-s->r K<o**»6ft 

octx^s c&js^yiM' k®9) . z<Dtc$>. mm 

[0 0 9 9] £fc, JiteL/ci: 
8&sd4W:* ~>y iM K{b£*xTW£v\> r*Uw<tt)*s 

[oioo] £fc, y-h«ft««2oW»«t. BMt->y 

fc£*5*)-eifc6o i*oX. y-h*fi»K2fi. Si 3 N 
4 . S i 0 2 + S i 3 N 4 , S i O x N y + S i 3 N 4 

[oioi] ^fc, w0O3§wi£ffii^&jR>'y -y--r kk 

9 «b IT, CoSi 2 , N i S i 2 , TiSi 2 ri*f^ 

*>IOfi««T?lBtt Lfcl^A^C o S i 2 £/8l>TV^ 
5. 

[0 10 2] gjl 8— El 2 lte x ^<DmW<D%Z8(DmM 
JblEHl 7 (DM I SFETtf)®ig;£&£X 

[0103] pie/y=>ysw^vw^yy^ys 

MI:feo 1 0 nmO-yy ^ySILlSiLi^x/K ^ 

LXIi, P ^x;K*liB ^rimlSlE 2 6 0 k e V, K— 
Xf2. OX10 13 cm" 2 , N!>x;K*liP (y» £ 
*D^mJ3E5 0 0 k e V. K-Xf2. 5X10 13 cm" 2 

[0104] *<D'&, HI 8 IC^-T * 5 l-> hffi^ 
^2 (S i 3 N 4 . ^fcliS i 0 2 +S i 3 N 4 . 
HSiO x N y + Si 3 N 4 ) $:l-5nm, *5cfct/^ 
y*»J=iy3«:5 0nmgS«at6o yy^7 

j!rax-r^ 0 ^co«t^. y-*/ km ^wjiiisffibfcy 

- M&ES2 S i 3 N 4 ) te£g#L*:£ 

££-f-<5 0 *BWfcxa«rftTIWfcBl4 

6o >f ty^Aiw j: t) y-^/ k M y • ^ 
[o i o s] _hia^^^x>i/3 >- ({s«ffi<o^«»a 

NSXIiAs^MUElOkeV, K-X§5X 

10 14 cm" 2 . PST(1BF 2 ^TJbDj$mJE7 k e V. K 
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— Xg5 X 1 0 14 cm' 2 T*fc6o 

[0106] mi 9 b t-v so ox^mm 
(ogtftRTA v5mmT--/i>tem &Lfc^ cv 

X(Dmti^V =>yR6«r»lX-r* 0 -^(Om, ^ty^A 

[0 10 7] JiBftvMftfrtt (ftM^^MMdOHH* 
7) te&<Dt£&<nmmtote<< Nffi-ett 
A s £j[Jl]>f ®JE 3 Ok e V. K-/i7X10 15 c 10 
m" 2 . Pffl-C»iB«rina«E3 k e V, K-X14X1 
0 15 cm" 2 T^6 o >f^^ttA*. SlOOOtSS^ 

[0108] i20 Ic^-f J: 5 IgffiteS (« 

;tlftMMfc«»B) ldJ:f9, #y S^y =>3J:ffi<DR{fcK 
4£f«t£. ^BfcCo/T i N<am<7)2Jia>ib#5$[ 

Kfftt. Cl-m. Co^l6nmgS, T i N 2 0 
nmglHTV^, 20 

ioio9] ±Eaii8oco(oifij: s y-hm^ 

*fc»*>C o S i 2 l:46(0|:+»4SSM*t?*)6, 
-hiatDJ: 5l-> ZZ^tetfl) %sD 3^3 Sr 5 0 nmt L 
TV>6 0 KJ?»S-C. Codsii:»ltCoSi 2 «: 
3. 5 f&e&U:# -5^1 Co^l6nmgafctl 
tf 5 OnmO^y >y 3y3^TC o S i 2 l-BJ*"C 
£*<> £fc, T i NttKftRJhKt Lt«ffi$t5fcfe 

[0 110] 821 icjjW-fc RTAKJ: 30 

9, ^yv^y3^TCoSi 2 ^f)45M'>y 
iNf KR9fcHiRS** 0 *EJStf>&M&gitR 
ayf'v^lcjiOlftSi-*. ^coBg. y— * • Kwfv 
S^iill^liy- hfeglg2(OS i 3 N 4 ris#?£1-* 

[0 111] -t^attB^UftV^s, il^OMOSFE 
TirflWH^ £!I£ttaUB«rtttt1ft* CMP^ 

»wJ:*¥»fl:«:fTV\ y-^x KH^ y-htf>3- 
tenuis** h^PlPU ^ricw (^>^*^» 
<:^tr^7^<:S«>i&tfwj:^J:9 % MISFET« 40 

[0 112] ±B*»B«»j:«*JHa*i6liJ:ixtf, ± 

»»■*:»/*+*£*#-?**. **o+#ttlBW*:»o 
Am^VlM KK9. t4WCoS i 2 
*y-MB«**i-*«lril^*aSix*. fcfcU 
&K<-fc«>, R«Htt*#*fc«>fc*©j»*»*-*. 
(a) hBS»*fS^y i/y ay 3^r#v j t 

>f Kffci-*«ltO+»<C**OAJB (8) ^«at6 0 50 
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(b) tt*^<y-h*ff*>3'yiM' Kfc«>RJ6tt#ttv* 
^-hteSffil (2) 4r»ffl-f*. 

±E*«i*«lc«*SKS^ffi^J:ixtf. R I E 

[oii3] &*5, ±B»*i©*ife'cw:, 
mm&*fe<otfy ->y =*>3&^v im Kft-*-*fc»ic 

C o/T i N^8ii8^fflt^;^ ftfrt) l-T i /C 
o/T i N(0»|(0 3JlcDaJBK4rltaU"CtlPJ««)3a* 

[0114] Till tfv ^yaystvyw Kfti" 
*»SS:»-l-ffiii***f^ffl*#-t"*. d*>J:5fcfls 

i m**i-*triJ:i\ ^yv/yay3^5o 

nmSSi?), *Tl\fcl*T i #5 nm. C o £3 1 6 n 
m, T i Nd$2 0 nmfaar?$>*. 
[0115] _L1ET i /C o /T i N^ailOf^, 

felK iKyi/yay3MTC o S i 2 l-@&£H*o 
*KIC^AJR (Ti/Ti NttflMIR) ttSR 
»lcf»^§H*„ 
[01 161 02211, ^ 0>38W<z>SB 9 <oHJfi»flBtw« 

5MI SFET (Metal InsulatedSerai conductor Field 
Effect Transistor ) ^SrffiB^fo^o ¥»#2tR 1 
Jijr^-r^/i^JIgcSrRSXXy — */ K^y»SD5# 

^$ixTv^*o ^oy-VKwy«sD5ii, aft 

■#"tt*>t>* LDD (Lightly Doped Drain ) £fcd:y — 
*/ K^y- ac ^7y> / a v4r*-r*«5S"e*> 9 , 

[0 117] _L1B*E1M\ Nl-yy ^vgtfc^fcttP 
Svyaysstfc^ Navyayxfiifcfi 

* Q 

[oils] v-vmmz±\^>f~hwmG5tmf$L 

SPU, _LIBUfcJ:9^y-^/KWyg15SD5^ 
j«-J-*fc»lc:^KftflHST?fcO. Ci-ettiMbBl4. ft 

r/ya^iewM. gra<oifti&Ki 

[0 119] c<oaHBo»t4»«i:r*»Bttt. ±ffit 
*w^:X^* (&JRv-y-y*>f KIR 9) . ^<Dtc#>. &M 
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"T6o 

[01201 Sfc, JLIELfcfc y-VKWv 

ssD5it, v/y*-< K<ksn-cv^v\ mulcts 
[0121] y- h»ii2^m, iwt*>y 

/ci:*5?»-efc6o flfoT, y-MK»K2W:, Si 3 N 

4 x S i 0 2 + S i 3 N 4 . S i O x N y + S i 3 N 4 10 

[0 12 2] C^%^tCfflV>5^JS'>y iNf KK 

9 £ L"C, CoSi 2 , N i S i 2 , TiSi 2 

oHJ6Jgffi"CSE«Lfca*^e>Co S i 2 SrffllMri* 
6 0 

[0 12 3] 13 2 3—HI2 7te, ^CO^^CO^ 1 0 <7)H 
J6»lBJw«6. -blBBI 2 2 <7>M I SFET^Kiim 20 
XSWlc^-t-WrffiH-CfcS. 13 2 2 ^P^O@0fl-«f^ 

[0124] ps->y =« v&tefcei^NSi'y =>^s 

«l-H-. «x:WcSa6ci^^»Rlffi^J:?), i$30 

^g|5l-fcei 0nm^>y=ryKfkK8U^?x/K ^ 

UTIi, P ^x/UTfiB ^J^DiliflE 2 6 0 k e V, K— 
XI 2 . OX10 13 cm" 2 , Nfrx/l'-CttP (V» £: 
M®E5 0 0keV, K-Xf 2. 5X10 13 cm' 2 30 

[0125] -£<^ B 2 3 \Z7jk-TX 5 l-s h*6)& 
12 (S i 3 N 4 % £/cf2S i 0 2 + Si 3 N 4 , 
ttS i O x N y +Si 3 N 4 ) £rl— - 5 nm. *5<fct/xK 

y >y ^3£5 o nmgS3MS-r£o fti-. yy^7 

[0 12 6] _hia^^^x>'>3 V ({£»ffco:F**«M£ 40 

tt, NStHAs^ftlllflElOkeV, K-Xf5X 
10 14 cm" 2 , PSX*liBF 2 ^Miii7keV, K 

-XI 5 X 1 0 14 c m~ 2 X£>£ 0 
[0127]fc 8 00tgS(O^ftRTA 

Slfcr--/H&5ffi) £L/c&. cvDft, ms^v^s 
^SSftBTS i LTCD^bv-y ^>-®e 

7) &m&rrz 0 so 



[oi2 8] ±e«v^»^» (sas^i^ffifaiiwt 

7) Jg^fcfe^ASW^^^-v^A^fi. NfW 
A s&tomWZS OkeV, K-X17 X 1 0 15 c 
m" 2 . PMtfj:Btt3®i3keV, K~X§4X1 
0 15 cm" 2 -efc6 e ^ftyftA«, Sl 0 0 0t^(D 

[0129] B 2 4 IctjH" J: 9 JiFflcD&^l 

(KfbJB) iistioo nmrnmrnm-rzo #ckei 2 5 
[0130] gi26 ir^-r j: 5 j-. # y y > 

mmS<Dmmn. CCXit Co^l6nragl Ti 
N^2 0 nmmmt Ul^o 

[0131] ±l5SieK80C o<K>m&te. ?- vw& 

_hiao<t9i-. crx*^yv/y=iy3^50nm^i 

Tl^5 0 Kl?jft^"e. Co^l»UCoSi 2 li 
3. SfggfflC^^- tfab, Co^l6nmg|fcn 
1*5 0 nm(D^y i/y 3y3^XC oSi 2 i-H&X 

^aa4B»t?fctltfJ:<^ 2 0nmgS^Lfc o 
[0 13 2] ^(C x El 2 7 iZTft-T £ ? RTACJ; 

9. #y ^y^y3^xc o s i 2 ^#6&JR>'y 

[0 13 3] «0«MtH»bftV^ il«<7)MOSFE 

T£na«ic. y-*> km>, y-Ko&gp 

ht6C^ICJ: "9, M I SFETWStt 

[0 13 4] ±B*!t*tti-«&«3i*»lwJ:ixff. y 
-VKi^-f v§BJt^@HJ»jftJKl 1(-S^ttxv>5fc 
y-^/K u^^i-JiCo S i 2 RjPflMKSixtt 

[0 13 5] &1t* V- hte^2±lCC oSi 2 lSW 

(a) y-hms^^co^y ^>y =iv3^T^^yi^ 
4 Yit-tZtLrt<n+fttmZ<o&m (8) £*£SH-So 

(b) ^6-<<y- hS^cov'yiM K^^MJ5tt^^Sv^ 
y-HJteig^ (2) 4r^i-^o 

£fc. ±iaH^ffii^i5S5t*&l-J:ix«. R I E 
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[oi3 6] ±iaiii6JBffi<z>*&T?tty- hm® 

/T i N<0«JIK8«:JB^rt:j&^ ft to 01- T i /C o/ 
T i NOl«)3|0«IM«Rltf)RtO»KMI 
(B9*T) o 

[0137] T i l"± x * y > V =i > 3 £ > y Ktet* 10 

nmTO^ fct^cV^T i 5 nm, Co^Hn 
m, T i Nri>2 0 nrngST^6 0 

[0 13 8] JtlET i/Co/T i NCO*gJl)Ktf>^g\ 
RTA^iafcgSCtiaot, Co^TitAJxf 

#y'>y=»y3^tcos i 2 i^^ti^o 

*Rjfc<0&B (T i/T i NOffiJIBS) ML«R 

WU:6fc*S*i3. 20 
[0 13 9] EH±*jOK«lcJ:ixtf. iS^M I S^-f 

[0 14 01 0. n^mtWMI^io 

[0141] 30 

y- hiSM^ttfidoitt^y ~>y ^ 

[0142] c^ssmi^^-ci*. y- httBft* 
^#<b^mg&xgKj;sy- h««o«iBttwiST*4r 

T^JbDX±^a-Cfe5Jt. l8Ws«i4v*i!)3^h 
¥Wtt§SBRtf*^B»#ttaM«Jfc"e# * 0 

imi) ^(o&wnmimnMm^&ZMi sfeto 

0r®0 o 50 
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[B2] z<n&m<om2<Dmifoj&i&iz&z>. biiomi 

s F E TO»56*ife&XS«fc*-r!ff 1 <£>#r®0o 
[[3 3] g2<D&JK«ttlw«*. H2Ki»<fB2oKa8 
Ho 

[04] £20jM0MW:fll6« BB 3 KiME < IB 3 OMH . 

0o 

IBS] £2 03tJK«Bl;:flt* % B4UUK<!B4*>*rB 
Ho 

[06] c<o»WoJB-3jHt»ttlJ:«©Mi sfeto 

[El 7] C^MO»4 0HJ6JgffiiCfil6. 13 6 (DM I 
S F E T<0»5fi*ftS:XSIIBI-*i-JB 1 *>#rffiBa 
[08] !B4«)Mk»BR:ff6 % B7UR<£24>BB 

[B9] I4^ffiffi^6, B8KlJft<ft3 4>«rB 
Bo 

[ilO] K4^HJfi»»l-«S. B9»c3R<fB4^Br 

S0 O 

[Bill (a) «u ^0«no«5 0|HkX»ttlC«K6 
MISFETORffi0, (b) WSIOK-^h 

[0i2i ^^p^^eoiMiic^e, mi i 
c a > com i s f ET<Dm&jj&&i:wm\^i-m 1 <£> 

WcfiHo 

[Bl 3] I6^M§^6, (HI 2l^<fg20 
t*T®0 o 

[014] »6(Z)|llfi»«^«-5. 01 3(C$E<fg3cO 

[0i5] m6<Dmnmmzmz^ 01 4tatt<!B4 0> 
[0i6] metomumm^a^ 01 5fc:tt<*5<0 
[0i7] z<n&wv>m7mi&Mm\z&z>Mi sfet 
[0i8] z<D^m<Dms<ommmm^^. 0170 

M I S F ETO«5&^«fe*XSJ(H«-*i-JB 1 ^>Wffi0o 

[019] »8<a3SM^«l£«*. 01 8fcl«<!&2iD 
#r®0 o 

[02 0] ns*>M*MmtzVH> % wi9izm<ms<n 

[02 1] msiomtmmzmz. ^\2o\zm<m4(o 
mmm 0 

[02 2] :W^i90»W6MISFE 
TCD0T®0 O 

[02 3] rcO^PJCO^l OttlHK&ttUltt** 02 2 

(dm i sfet ^§sit^^xamic^-r^ 1 <^»r® 

0o 

[S2 4lSlO^IIffilC«^ 
[(UaSlSlO^Wl^, B2 4ttft<ft3 
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8 -mmm (co/t i nbd 

9-M->yt-f KK (Co S i 2 

1 o- -3itr^4f 
i 1 •• mffl<D&mm 



mi] 



/ sol 



mi 







~y 5 5 





[H2] 

a 



[D3] 
3 




7- 




2 JV_- 7 



[B4] 




7-: 




SD2 




[07] 



-p 2 v 




[110] 1 ] 




(14) 



&ffl 2000-252462 



[Hi 2] 




[013] 



6 



T 2 T 



[014] 



10 * 1 3 4 - 10 



7- 



— 1 



— 7 




II 5] 



[016] 



[017] 



Q4 



10- 
7- 













J 



9 fl 4 9 4 9 SD4 s * 4 ' 9 4 5 P 




[01 8] 

i 3 



^ 2 



sa 



— 1 



[El 9] 



4 a 

6 » ? ^6 




[02 0] 
8 3 4 




s? 



life ,. 



— 7 
-1 



[02 2] 




SD5 7-- 




7~ - 




[0 2 5] 



rite 


NX1 




Y\ * 

7 5 

1 


1 i 


J 



[02 6] 



6 f 7 3 



--7 



11- 



2: 




7 5 



-Co 
11 
f-7 



*~1 



2000-252462 



[1212 7] 




11 *f 9 4 „ 11 




7 VI/ h'< 



(51) Int. CI. 



F I 

H 0 1 L 29/78 



6 1 2 A 
6 1 7 S 



F*— 4M104 AA01 BB20 BB21 BB25 CC01 



CC05 DD04 DD37 DD80 DD84 
DD88 DD99 EE03 EE09 EE12 
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